An outbreak of Legionnaires' disease with 334 confirmed cases was identified on 7 November 2014 in Vila Franca de Xira, Portugal and declared controlled by 21 November. Epidemiological, environmental and microbiological analysis identified industrial wet cooling systems to be the probable source of infection. Preliminary results from sequence-based typing of clinical specimens and environmental isolates confirmed this link. A series of meteorological phenomena are likely to have contributed to the scale of this outbreak.
On Friday 7 November, the Portuguese Directorate General of Health (DGS) was informed of 18 cases of Legionnaires' disease admitted to two hospitals within 24 hours in the municipality of Vila Franca de Xira, Lisbon. No cases reported foreign travel and all had positive urinary antigen tests for Legionella pneumophila serogroup 1. Between 2007 and 2012, the annual number of cases reported in Portugal had ranged from 82 to 140 [1, 2] . Within hours, the Ministries of Health and Environment convened a multidisciplinary task force to investigate and control the outbreak.
Description of the investigation Epidemiological investigation
Cases of Legionnaires' disease and/or laboratory diagnoses of Legionella are mandatorily notifiable in Portugal. All notifications since 1 October 2014 were reviewed. The DGS and the national reference laboratory (NRL) actively searched for cases through hospital and laboratory networks.
A confirmed case was defined as a person with pneumonia, laboratory confirmation of L. pneumophila, symptom onset after 1 October and a history of living in, working in, or visiting Vila Franca de Xira from 15 September onwards. All reported cases with clinical symptoms of pneumonia and an epidemiological connection to the affected area were treated as suspected cases and investigated further.
Staff from regional health authorities interviewed patients applying a standard questionnaire for symptoms, risk factors, place of residence and work, recent travel and daily habits during the incubation period. The outbreak was described in terms of date of symptom onset, age and sex distributions. Street addresses were geocoded using Google Earth to determine spatial distribution.
Back-calculation models developed by Egan et al. [3] were applied using epidemiological data available on 12 November. The models allowed determination of the period of aerosol release (period of exposure) and estimation of the number of expected cases. At the early phase of the outbreak, we had limited information on exposure. It was not clear which case represented the index case, therefore two scenarios were considered based on the available date of symptom onset: 14 October and 21 October.
Environmental investigation
As the cooling towers of wet cooling systems are often implicated in large outbreaks of Legionnaires' disease, the municipality identified all premises with wet cooling systems and other aerosol-generating sources in Vila Franca de Xira. Water samples were taken from public, domestic and industrial sources. The locations of wet cooling systems were georeferenced using visual pinpointing in Google Earth. Meteorological and environmental agencies analysed weather data from 1 October until 7 November.
Microbiological investigation
The NRL tested clinical specimens and environmental samples for Legionella species. They performed sequence-based typing (SBT) following the protocol of the European Working Group for Legionella infections [4] with the aim of matching environmental isolates with isolates from clinical specimens.
Measures taken
On 7 November, hospitals in the region of Lisbon and the Tagus Valley activated the contingency plan to respond to the increased demand for ventilator systems. As the investigations were ongoing, the following actions were taken in the municipality: on 8 November, the public water authority raised chlorine levels and public pools, spas and fountains were shut down and disinfected after sampling; on 9 November, the Environmental Inspectorate shut down and ordered the disinfection of all wet cooling systems operating in the municipality.
Outbreak description
By 11 December 2014, the DGS had received reports of 417 suspected cases of Legionnaires' disease of which 334 were confirmed. All 334 had positive urinary antigen tests for L. pneumophila serogroup 1. Of the confirmed cases, 221 (67%) were male, the median age was 58 years (range: 25-92 years). Ten deaths were reported in confirmed cases and a further two deaths were awaiting post mortem investigations. The outbreak started on 14 October, with a sharp increase in cases from 1 November, and peaked on 6 November (Figure1). The last reported case developed symptoms on 24 November. No confirmed cases with symptom onset after 24 November have been notified. The outbreak was considered controlled on 21 November. By 11 December, two incubation periods had passed since the peak of the outbreak and the implementation of control measures, and the number of notified cases from the area had returned to levels observed before the outbreak.
Place of residence was mapped for 250 of the 294 cases notified by 14 November, and the geospatial distribution was analysed: 90% (n=226) lived within 3 km of a wet cooling system. The task force hypothesised that the most likely source of infection was aerosolised release from one or more of these systems (Figure 2 ).
The back-calculation models using 21 October as the date of first symptom onset, suggested a logistic growth of the environmental exposure, with greatest intensity most probably between 23 October and 2 November. From this analysis, we estimated a total outbreak size of 325 cases (95% CI: 287-422). Since cases had been identified with symptom onset as early as 14 October, detailed interviews were conducted with them to ascertain if they were indeed linked to this outbreak.
The patient who developed symptoms on 14 October was found to have been involved in maintenance works in the towers of local industrial wet cooling systems in the two weeks before onset of symptoms. Meteorological data from the weather station in Alverca, 8 km from Vila Franca de Xira, indicated north-easterly wind with a velocity of 2-3 m/s between 18 October and 1 November. This wind coincided with high humidity (80%) from 26 October onwards, particularly at night. In addition, between 19 October and 1 November, a cloud of sand and dust lifted by a storm in the Sahara desert, covered Portugal and increased airborne concentrations of small particulate matter (PM 10 
Discussion
This was the largest outbreak of Legionnaires' disease in Portugal to date and among the largest reported in Europe. In the largest outbreak with 449 confirmed cases in Murcia, Spain, in 2001, a microbiological link between cases and a hospital cooling tower was demonstrated in the months after the outbreak [5] . Timely collection of respiratory secretion specimens by hospitals and widespread environmental sampling in the early phase of the outbreak allowed identification of a microbiological link between the environment samples and patient isolates [6] .
To the best of our knowledge, this is the first time the models of Egan et al. [3] have been used in the early stage of an outbreak investigation. At the time of applying the models, we strongly suspected cooling towers as a source but had not ruled out other sources. Using the models we were able to identify cases whose pattern of illness did not fit with an aerosolised exposure. The occupational exposure of these outliers was identified within one week of the declaration of the outbreak.
Microbiological results suggested a link between the isolate from a wet cooling system and the isolates from the clinical specimens of patients, consistent with previously described large community outbreaks in Spain and the United Kingdom [5, 7] .
The concordance between the independent analysis of meteorological conditions and temporal modelling supports the theory that the prevailing weather conditions created a unique setting for Legionella multiplication and may explain the large scale of the outbreak. Unseasonable weather [8] and periods of humidity [9] have previously been described as facilitating the circulation of aerosolised Legionella.
Conclusion
Although the outbreak is considered controlled, detailed epidemiological investigations and microbiological investigations continue and may result in the reclassification of cases and an increase in confirmed cases. In addition, determination of the monoclonal subtype and molecular sequence typing to provide further evidence about the link between the environment and patients are underway. An evaluation of the outbreak with the view to improving early detection will be developed. . 
